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Updates on the relation of weight excess and reproductive
function in men: sleep apnea as a new area of interest

Ahmad O Hammoud1, Douglas T Carrell1,2, Mark Gibson1, C Matthew Peterson1 and A Wayne Meikle3

Obesity has a negative effect on male reproductive function. It is associated with low testosterone levels and alteration in gonadotropin

secretion. Male obesity has been linked to reduced male fertility. Data regarding the relation of obesity to sperm parameters are

conflicting in terms of the nature and magnitude of the effect. New areas of interest are emerging that can help explain the variation in

study results, such as genetic polymorphism and sleep apnea. Sleep disorders have been linked to altered testosterone production and

hypogonadism in men. It was also correlated to erectile dysfunction. The relation of sleep disorders to male fertility and sperm

parameters remains to be investigated. Men with hypogonadism and infertility should be screened for sleep apnea. Treatment of obesity

and sleep apnea improves testosterone levels and erectile function.
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INTRODUCTION

The effect of overweight and obesity on male reproductive function

is gaining wide attention. Publications on this topic have moved

from descriptive epidemiological manuscripts into mechanistic and

interventional studies.1–3 This heightened interest is probably due

to the fact that this association may be one of the unique causes

of male infertility that may be potentially correctable using life-

style modifications, or pharmacological and surgical interventions.

While adequate randomized controlled studies of such interven-

tions are lacking, preliminary reports appear promising.4 The effect

of excess weight on male reproductive function is multifactorial. In

this review, we will briefly present some of the known pathways,

linking obesity-related metabolic changes to alterations in the hor-

monal profile and hence reproductive function in men. We will also

explore some of the recent findings regarding sleep disorders,

including sleep apnea, in relation to excess weight and reduced

reproductive potential in men.

DEFINITIONS

Investigations on the effect of obesity on male reproductive potential

are complicated by the use of different end points in various studies.

Here, we propose a frame work that will aid in evaluating the literature

related to this topic.

Primary outcomes

1. Male fertility: measured as fecundity (probability of pregnancy

per menstrual cycle) or infertility (defined as no pregnancy

after one year of unprotected intercourse), in the absence of

female infertility factors.

2. Satisfaction with sexual life.

Intermediate outcomes

1. Alteration in spermatogenesis:

. sperm concentration;

. sperm motility;

. sperm morphology;

. sperm DNA fragmentation;

. surrogate markers of spermatogenesis, such as inhibin

B, anti-mullerian hormone (AMH), etc.

2. Alteration of sexual performance (reduced coital frequency):

. erectile dysfunction;

. reduced libido.

3. Hormonal alteration:

. hypogonadism: reduced total and free testosterone;

. changes in sex hormone binding globulin;

. increased estradiol;

. altered gonadotropins secretion;

. effect of various adipose tissue hormones: leptin, ghre-

lin and adiponectin.

4. Genetic/epigenetic: affecting obesity and spermatogenesis,

i.e., epigenetic modifications as an intermediate outcome

with or without documented infertility.
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MALE OBESITY AND INFERTILITY

Sallmen et al.5 performed a secondary analysis of the Agricultural

Health Study that included 1329 couples wherein data regarding body

mass index (BMI) for both partners were available. Infertility was

defined as an attempt at conception that lasted more than 12 months

in the last 4 years. After correction for female BMI, male and female

age, smoking status, alcohol use and exposure to solvents and pesti-

cides, male BMI was shown to be weakly but statistically significantly

associated with infertility with an odds ratio of 1.12 (95% confidence

interval: 1.01–1.25). There was a dose–effect maximal effect in the BMI

class 32–43 kg m22.5

Ramlau-Hansen et al.6 analyzed data extracted from the Danish

National Birth Cohort of 47 835 women. Subfecundity was defined

as an interval of more than 12 months to achieve a pregnancy that

resulted in a live birth. After correction for female BMI and the age of

both partners, overweight (BMI: 25–29.99 kg m22) and obese (BMI:

o30 kg m22) males were more likely to have subfecundity with

odds ratios of 1.15 (95% confidence interval: 1.09–1.22) and 1.49

(95% confidence interval: 1.34–1.64).6 A secondary analysis of the

Norwegian Mother and Child cohort study was performed by

Nguyen et al.7 to evaluate the effect of male partner’s weight on the

couples’ fertility. Infertility was defined as time to pregnancy of more

than 12 months. After correcting for coital frequency, female BMI,

male and female age, smoking status and various risk factors for female

infertility, the odds ratio for infertility was 1.19 (95% confidence

interval: 1.03–1.62) for overweight men (BMI: 25–29.99 kg m22)

and 1.36 (95% confidence interval: 1.12–1.62) for obese men.7 In a

much smaller study, Ohwaki and Yano 8 showed increased incidence

of not fathering a child per year of marriage with increasing BMI, in a

group of 91 male Japanese auto workers. Interestingly, Jokela et al.9

studied the effect of increased weight in male adolescence on future

fertility in 583 participants. The predicted number of future children

was 1.46 for normal weight, 1.4 for overweight and 0.99 for the obese

male adolescent. The association between adolescent’s skinfold thick-

ness and number of future children showed the same findings.

Together, these studies suggest a small to moderate, dose-related effect

of obesity on male fertility.

There are few studies exploring the effect of body weight in males

and success of artificial insemination or in vitro fertilization. In a

recent article, Bakos et al.2 recruited 305 couples undergoing initial

in vitro fertilization treatment, to study the effect of paternal obesity on

embryo quality and pregnancy rates. In this study, men with normal

BMI had higher sperm concentration than overweight, obese and

morbidly obese men. Morbidly obese men had a higher rate of require-

ment for intracytoplasmic sperm injection. After artificial reproduct-

ive technologies (ART), the rate of blastulation was higher in embryos

created with sperm from normal weight men when compared to obese

and severely obese men. There was a statistically significant linear reduc-

tion in pregnancy rates, clinical pregnancy rates and live birth rates with

increasing BMI categories among the male partners. Live birth rates

were the following: normal weight, 41.35%; overweight, 26.4%; obese,

22.6%; and severely obese, 12.1%. These striking results suggest abnor-

malities beyond the traditional sperm quality indices (count, motility

and morphology), and may suggest alterations in the genetic or epige-

netic programming of sperm from overweight and obese men.

EFFECT OF MALE OBESITY ON INTERMEDIATE OUTCOMES OF

MALE FERTILITY

We and others have reviewed the effect of male overweight and obesity

on numerous intermediate outcomes related to male fertility.10–12 An

important potential marker is the alteration of semen parameters

because of its obvious linkage to male fertility. Studies to date, how-

ever, are conflicted. A recent meta-analysis12 concluded that current

evidence does not support a relation between increased body weight

and reduced semen concentration. The main limitation of this

meta-analysis was its restrictive nature; it included only six out of 13

identified studies.12 The six studies that were included had sperm

concentration as the primary outcome. Studies that reported sperm

morphology or composite outcomes such as total motile sperm count

were excluded even though the outcomes, such as total motile sperm

count, are more directly correlated to male fertility than sperm con-

centration.13–15 A more recent review of the topic concluded that

obesity probably contributes to altered sperm concentration in a small

group of obese men who likely have other risk factors that predispose

to impaired spermatogenesis.16 To add more complexity to the matter,

new evidence is emerging that the relation between male obesity and

sperm parameters is modulated by genetic polymorphisms such as

TTTA polymorphism in intron 4 of the aromatase gene through its

alteration of estradiol levels.17,18

The relationship between male obesity and other intermediate out-

comes such as lower testosterone levels (hypogonadism) and increased

incidence of sexual dysfunction are less debated.3,12,16,19-21 The

mechanisms accounting for reduced testosterone levels are various

and include lowered sex hormone binding globulin (affecting prim-

arily total testosterone) and the increased incidence of sleep apnea

among overweight and obese men.10,22 Sleep apnea in this context is

attracting attention because it can affect both testosterone levels (with

potentially altered spermatogenesis) as well as, independently, erectile

function. The combination of both factors may result in a compound-

ing effect on male fertility.

SLEEP, TESTOSTERONE AND MALE FERTILITY

Several studies have shown that testosterone production is affected by

the quality of sleep. There are two main states of sleep: rapid-eye-

movement (REM) sleep and non-REM sleep. Non-REM sleep starts

with a lighter sleep (stages 1 and 2), then progresses into deeper sleep

(stages 3 and 4). REM sleep occurs at approximately 90-min intervals.

These distinct states of sleep have characteristic patterns on both elec-

troencephalography and electromyography.23 Sleep and sleep changes

are thought to affect neuroendocrine function related to testosterone

secretion.24,25 In the original study by Boyar et al.,25 testosterone was

found to increase in relation to an increase in luteinizing hormone

(LH) production during sleep during early and mid-puberty.

However, among a group of three adult men, only one man showed

this characteristic pattern of increased testosterone during sleep. In a

more recent study of seven healthy non-obese men, testosterone levels

were compared during night sleep, night awake and day sleep.

Maximum testosterone levels occurred during sleep for all individuals

whether it was night sleep or day sleep. Testosterone levels appear to

reach its maximal increase during the latter part of sleep and the first

hour after awakening.24

Schiavi et al.26 recruited 67 healthy men (age: 45–75 years) to study

pituitary gonadal function in relation to normal sleep and sleep dis-

orders. Multiple hormones, including testosterone were sampled

every 20 min during sleep. In this study, circulating testosterone,

independent of age, was positively correlated to sleep efficiency,

decreased latency to onset of REM activity and number of REM epi-

sodes. Bioavailable testosterone decreased with age, while sleep dis-

ordered breathing increased with age. The authors suggested that the

age-related reduction in testosterone in this group of men is a result,
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in part, of the reduction in overnight testosterone caused by sleep

disordered breathing.26 Later, Luboshitzky et al.27 explored whether

the increase in testosterone levels during sleep are related to either

REM sleep or represent a response to the phase of the circadian

rhythm. Melatonin and core body temperature were used as markers

of circadian rhythm. In this study, 10 young (ages: 22–26 years)

healthy non-obese men (within 10% of ideal body weight) were sub-

jected to a schedule of 7-min sleep and 13-min awake for 24 h (ultra-

short sleep paradigm). In the same study, a group of six healthy men of

similar age were followed during normal sleep from 12 midnight to 7

a.m. and were used as a control group. In both groups, blood samples

were withdrawn every 20 min. Sleep fragmentation by the 7/13 pro-

tocol blunted the rise in testosterone in most men. Men with fragmen-

ted sleep spent more time in stage one and less time in REM sleep when

compared to controls. Despite its blunted rise, testosterone levels

remained correlated to the onset of REM sleep. It is notable that none

of five subjects with fragmented sleep, who did not have REM sleep,

showed a sleep-related rise in testosterone. In this elegant study, the

rise of testosterone was shown to coincide with the onset of REM sleep

and was not correlated to the rise in melatonin (circadian rhythm).27

The exact mechanism causing the increased testosterone in relation

to sleep stage is unknown; it is thought to be partially dependent on

variation in LH levels. The sleep-related rise in testosterone is LH-

dependent in pubertal boys; however, only 15% of adult men show a

nocturnal rise in LH levels leaving much of the nocturnal testosterone

rise unexplained by gonadotropin changes with sleep.27 Walton et al.28

studied 24-h testosterone levels in men who were administered eto-

nogestrel and testosterone to suppress the endogenous gonadotropins

secretion compared to a control group. In the treated group, testoster-

one levels would be derived from the balance between the rate of

release of testosterone from testosterone pellets and testosterone clear-

ance. Epitestosterone was measured to reflect the remaining testicular

steroidogenic function. Under this protocol, in the control group,

testosterone levels did show a clear diurnal variation. This expected

increase in testosterone at night with peak in the morning was, con-

trary to other reports, correlated to a rise in LH levels, suggesting that

the diurnal variation in testosterone is due in part to a change in LH

levels. In the treated group, epitestosterone also showed a diurnal

variation with the highest elimination of epitestosterone in urine in

the early morning, indicating another potential mechanism for the

diurnal change in testicular function independent of the pituitary.28

In a later study, Luboshitzky et al.29 showed that men with obstructive

sleep apnea had a difference in stage 2 and stages 3–4 sleep when

compared to controls which correlated with lower LH and testoster-

one levels. This study suggested that the lower testosterone levels

associated with sleep apnea may be attributed to differences in sleep

patterns and sleep fragmentation.29 While breathing apparently

affects testosterone levels, testosterone can also influence breathing.

Testosterone supplementation in hypogonadal men is associated

with increased prevalence of sleeping disorders.30,31 The exact role

of testosterone in the control of the complex act of breathing

remains undefined.32 Obstructive sleep apnea is more prevalent in

males, consistent with the idea that testosterone may have a role in

this disorder.31,33

SLEEP DISORDERS, TESTOSTERONE AND MALE FERTILITY

Studies exploring the effect of obesity on hormonal and semen para-

meters may be confounded by the effect of sleep disorders on these

parameters. This effect of sleep disorders appears to be independent of

BMI. Gambineri et al.34 showed that the reduction of testosterone

levels in 15 patients with sleep apnea was independent of BMI or

abdominal fatness. Luboshitzky et al.29 studied 10 patients with

obstructive sleep apnea who were found to have a significantly lower

mean and area-under-the-curve testosterone values when compared

with controls. After correction for BMI, the difference in mean tes-

tosterone levels overall became non-significant, but the difference in

area under the curve of testosterone through the night remained sig-

nificant. In the same study, after correcting for BMI, area under the

curve of LH (but not mean LH) was lower in men with obstructive

sleep apnea when compared to controls. The authors concluded that

central suppression is a possible cause for the lower testosterone levels

associated with sleep apnea.

In a recently published study, our group reported on the effect of

sleep apnea on reproductive hormones and its relation to BMI. Our

patient population consisted of severely obese men (BMI:o35 kg m22)

recruited as part of the Utah Obesity Study.35 This study included 89

severely obese subjects who underwent various clinical measures includ-

ing: a physician interview and detailed medical history, resting electro-

and echocardiograms, a submaximal exercise treadmill test and electro-

cardiogram, pulmonary function, polysomnography, resting metabolic

rate, anthropometrics, resting and exercise blood pressure, compre-

hensive blood chemistry and urinalysis and dietary, quality of life and

physical activity questionnaires.

The mean age of patients was 46.9611.0 years, the mean BMI was

47.868.7 kg m22 and the mean weight was 337.7662.4 lb. Sleep disorders

were assessed using the following parameters. Hypopneas were defined

as reduction of airflow for o10 s in conjunction with a 4% desatura-

tion of pulse oximeter oxygen saturation (SpO2).
20 A respiratory disturb-

ance index (RDI, events h21) and a hypopnea index were calculated

by dividing the total number of apneas/hypopneas by hours of

recording. For the purpose of this study: no sleep apnea was defined

as RDIf5 events h21, mild sleep apnea 5,RDIf15 events h21,

moderate sleep apnea 15,RDIf30 events h21 and severe apnea

RDI .30 events h21.21 Other parameters included mean SpO2, per-

cent time below an SpO2 of 90% and percent time below an SpO2 of

80%. The incidence of sleep apnea was 93.3%. The distribution of the

different degrees of sleep apnea was as follows: 6 (6.7%) patients had

no sleep apnea, 19 (21.3%) had mild sleep apnea, 20 (22.5%) had

moderate sleep apnea and 44 (49.4%) had severe sleep apnea. The

adjusted means (corrected for age and BMI) of total testosterone per

severity group of sleep apnea were as follows: no or mild sleep apnea:

386.51627.34 ng dl21 (13.4160.95 nmol l21), moderate sleep apnea

331.90630.11 ng dl21 (11.5161.04 nmol l 21) and severe sleep apnea

275.00620.50 ng dl21 (9.5460.71 nmol l21) (P50.002). Free tes-

tosterone levels followed this pattern with statistical significance.

Our analysis showed that an increase of 10 events in the RDI would

result in ,2 pg ml21 (6.94 pmol l21) reduction in free testosterone

levels. After correction for age and BMI, other parameters of sleep

apnea including hypopnea index, percent time below an SpO2 of 90%

and percent time below an SpO2 of 80% were also negatively corre-

lated with total and free testosterone levels.22

There are few studies that explore the effect of continuous positive

airway pressure (CPAP) therapy on the hormonal changes in men with

sleep disordered breathing. Grunstein et al.36 reported in 1989 that

sleep apnea (desaturation index: the hourly rate of episodes of arterial

oxygen desaturation .4% of the stable baseline) was independently

associated with lower total and free testosterone levels. Parameters of

sleep apnea at baseline were not associated with LH or follicle-stimu-

lating hormone levels. In the same study, 43 men with severe sleep

apnea were followed prospectively after 3 months of nasal continuous
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positive airway pressure (nCPAP). There was an increase in sex

hormone binding globulin and total testosterone but not free tes-

tosterone levels.36 Luboshitzky et al.37 found similar changes in a

smaller study that included five men who were followed for 9 months

after CPAP. In contrast, Bratel et al.38 did not find a difference in

testosterone levels after a follow-up period of 7 months of nCPAP in

11 men. However, at baseline, testosterone levels were normal despite

the diagnosis of obstructive sleep apnea in all men. Testosterone levels

in patients: 18.361.3 nmol l21 were not different from those of con-

trols 18.561.1 nmol l21. The lack of improvement may be attributed

to lack of effect of sleep apnea at baseline on testosterone levels in this

group of patients. Interestingly, Santamaria et al.39 followed prospec-

tively a group of 12 men who had lower testosterone levels in relation

to obstructive sleep apnea and who had uvulopalatopharyngoplasty

therapy. Three months after the surgery, there was improvement in

testosterone levels (13.3161.07 to 16.5960.72 nmol l 21, P,0.02),

without significant changes in BMI, but with correlated improvement

in breathing function. Meston et al.40 conducted a randomized trial

where they assigned men with sleep apnea to either therapeutic nCPAP

or placebo (the pressure was set to minimum with extra holes cut in

the collar at the mask end of the connection tubing. This maintained

pressure at a subtherapeutic level (about 1 cm H2O) and ensured no

re-inhalation of CO2. The subjects were followed for 4 weeks, after

that, the placebo group was crossed over to therapeutic nCPAP. There

were a total of 101 patients that completed the trial, 52 had therapeutic

nCPAP and 49 had placebo treatment. At baseline, hypopnea (.4%

SpO2 dips per hour) was correlated with lower LH, follicle-stimulating

hormone, total testosterone and sex hormone binding globulin

(SHBG) levels. After 4 weeks of follow-up, in the treatment group

there was no improvement in testosterone levels when compared to

baseline 13.565.8 nmol l 21 vs. 13.264.7 nmol l 21. There was, how-

ever, a significant increase in SHBG levels. When compared to the

placebo group, there was a difference in testosterone levels between

groups; this was due largely to the reduction in testosterone level in

placebo group. The lack of effect of nCPAP on testosterone levels

could be attributed to the short period of treatment, 4 weeks as com-

pared to the other studies.40

SLEEP, SEXUAL FUNCTION AND MALE FERTILITY

The association between sleep apnea and sexual dysfunction in men

has also been explored independently or in association with changes

in testosterone levels. This relationship has been suspected because

of the association between testosterone and sleep-related erection.41

In fact, sleep-related erections are reduced in hypogonadal men and

this pattern is reversed with testosterone supplementation.42 An

altered sleep pattern that can affect testosterone levels might also

be expected to contribute to erectile dysfunction by this mech-

anism. Semple et al.43 in 1984 reported on a man who presented

with obesity, sleep apnea, whose reduced testosterone and impot-

ence were reversed after weight loss. Schiavi et al.44 did not find any

correlation between sleep disorders or respiratory flow studies and

erectile dysfunction in older men. Margel et al.45 showed that only

severe sleep apnea (RDI.40) was associated with erectile dysfunc-

tion. In a more recent study, Stannek et al.46 concluded that age had

a bigger influence on sexual functioning in men with sleep apnea

than the severity of the disease. In another recent study that

included 401 men who presented for sleep studies, sleep apnea

measured as mean SpO2 was correlated with erectile dysfunction

after correction for other risk factors for erectile dysfunction

including age and BMI. However, a similar correlation was not

found for other indices of sleep apnea (respiratory disturbance

index, the lowest SpO2, desaturation index, arousal index) and

erectile dysfunction.47 Andersen et al.48 studied the prevalence of

erectile dysfunction in relation to sleep related breathing disorders

in the population of Sao Paulo, Brazil. In this study a subset of 467

men representative of this population were included. All men

answered questions related to sexual dysfunction and had polysom-

nography. Age more than 50 years, no physical activity, low tes-

tosterone levels, reduced time spent in REM and increased number

of arousals were identified as risk factors for erectile dysfunction

complains. In our study, severely obese men with sleep apnea had

an overall reduced satisfaction with quality of sexual life. Increased

severity of sleep apnea did not further reduce the scores of satisfac-

tion with quality of sexual life, denoting a larger role for weight in

this group of severely obese men with an average BMI of

47.868.7 kg m22.22 In conclusion, it appears that sleep apnea has

an independent effect on erectile function; however, this effect is

commonly eclipsed and confounded by the larger effect of obesity

on both sleep apnea and erectile function.

SLEEP AND MALE INFERTILITY

To our knowledge, there are no studies exploring the fertility potential

measured as fecundity rate or semen parameters in relation to sleep

apnea. There are also no studies exploring the incidence of sleep apnea

in the male partner in infertile couples or in males with unexplained

abnormal semen parameters. In obese men, sleep apnea is likely to be

an independent factor that contributes to the overall reduced fertile

potential. Sleep apnea in obese men may independently exacerbate the

negative effects on the reproductive system attributed to the various

endocrine changes associated with obesity. Whether the testosterone

change with sleep apnea and its improvement after CPAP therapy will

be reflected in changes in the male’s fertility, remains to be demon-

strated. The effect of life style changes or pharmacological interven-

tions targeted at correcting the negative effect of sleep apnea should be

also a subject of interest for any future research.

CONCLUSION

The relationship between obesity and male hypogonadism is evident

in numerous studies. There is also a clear negative relation between

sexual function and increased weight in men. The relation between

obesity and alteration in sperm parameters appears to be attenuated in

comparison to the reduction in testosterone levels. However, the com-

bination of hypogonadism and sexual dysfunction, and alteration in

semen parameters result in reduced fertility at the population level.

Sleep apnea, independently and in the context of obesity, is emerging

as a risk factor for hypogonadism, sexual dysfunction and probably

reduced fertility. Men with hypogonadism, erectile dysfunction and

infertility should be screened for obesity and sleep apnea. Correction

of these modifiable risk factors can improve the overall reproductive

potential.
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